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The cosmochemistry research funded by this grant resulted in the publications given in 
the attached Publication List. 

The research focused in three areas: (1) Experimental studies of trace element 
partitioning. (2) Studies of the minor element chemistry and O isotopic compositions of 
MgAl 2 0 4 spinels from Ca-Al-Rich Inclusions in carbonaceous chondrite meteorites, and 
(3) The abundances and chemical fractionations of Th and U in chondritic meteorites. 

(1) (a) Studies were made of Mg and Ti partitioning in anorthitic plagioclase. These 
showed strong control of the partitioning of these elements by crystallographic 
sector zoning in the synthetic crystals. The sector zoning closely matched that 
measured in natural anorthite crystals from Ca-Al-Rich Inclusions showing that 
these had remained thermally unaffected since the time of initial crystallization of 
these materials. A graduate student thesis has been started as a follow-up to this 
work. 

(b) Studies of partitioning of Si, Ca, Ti , V, and Cr in MgAl 2 0 4 spinel from liquids 
of Ca-Al-Rich Inclusion composition. Experiments involving crystals grown at 
slow cooling rates gave estimates of equilibrium partition coefficients. Isothermal 
experiments initially produced inhomogeneous minor element distributions in 
spinel, but when considered as a function of run duration, significant 
homogenization of Ti and V were observed, but not for the other elements. This 
showed that the times of initial melting of Ca-Al-Rich Inclusions were 
comparable to the time scales of our laboratory experiments (less than 100 hours). 

(2) These analytical studies showed that spinels in Ca-Al-Rich Inclusions show 
remarkable compositional groupings in terms of physical location in the inclusion 
and in terms of the host phase in which the spinels were present as inclusions. 

The distributions are best interpreted in terms of (at least) two stages of melting, 
accompanied by subsolidus re-equilibration of the inclusions that were present in 
clinopyroxene. The re-equilibration was complete for Ti, but only partial for V. 
The O isotope data showed that the previously-well-documented exchange event 
in Ca-Al-Rich Inclusions happened after the remelting event(s). 



(3) This work was the basis of a graduate student PhD thesis. An apparent bimodal 
distribution in literature data of Th/U in ordinary chondritic meteorites was shown not 
to be real, but instead a continuous variation explained the inhomogeneous 
distribution of the mineral apatite which has a very high U concentration and a low 
Th/U ratio. This showed that simple averaging of high accuracy isotopic dilution data 
for Th and U would give a significantly improved value for this chronologically 
important ratio. A related study of the distribution of Th and U in carbonaceous 
chondrites has been completed and a manuscript written. Before submission, w e 
await confirmation by colleagues in Japan by an independent technique of our most 
striking result that the P in CM chondrites is concentrated in reduced phases 
(probably sulfides) rather than as phosphates. 
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